Diarrhea contributes to high morbidity and mortality rates in developing countries. Diarrhea from all causes is ranked as the fourth cause of death and the second cause of loss of years of productive life. 1 Infection by Shigella spp. is characterized by a watery diarrhea that may progress to mucoid bloody diarrhea, also known as dysentery. Each year, over 163 million episodes of endemic shigellosis occur in DCs, whereas only 1.5 million occur in developed ones. 1 The increasing number of travelers to DCs, which have become attractive tourist destinations, has also increased the number of diarrhea episodes among millions of persons who travel each year from industrialized countries to DCs. 2 Shigella dysenteriae and Shigella flexneri are the predominant species in tropical areas, whereas Shigella sonnei is predominantly isolated in industrialized countries. Although the disease is often self-limiting, effective antimicrobial therapy reduces the duration and severity of the dysentery and can also prevent potentially lethal complications. Concomitantly, the excretion of the pathogen in stools is shortened significantly by antibiotic therapy, reducing the spread of infection. 3 New research suggests that gene cassettes and integrons may be one mechanism involved in transmission of multidrug resistance genes in many Gram negative bacteria. 4, 5 In Shigella spp., the dissemination of resistance-inducing genes is mostly facilitated by the ability of the bacteria to acquire transposons or plasmids that might contain integrons and DNA sequences that consist of two conserved segments (5¢-CS and 3¢-CS) separated by a variable region that usually comprises one or more gene cassettes. The 5¢-CS region contains the integrase gene (intI), the integration site and a promoter region that allows expression of any number of gene cassettes inserted at the integration site site in a suitable orientation. The 3¢-CS region usually comprises qacE D1 (encoding resistance to quaternary ammonium compounds), sul (resistance to sulfonamides), followed by ORF5 (of unknown function) and/or tni genes (transposition functions). 6 Detailed studies have been conducted on three main classes of integrons, namely integron 1 (Int1), integron 2 (Int2) and integron 3 (Int3), each one characterised by the presence of a distinct and specific intI. 7 In the present study, 25 different strains of S. sonnei, obtained from sporadic cases of shigellosis, were isolated in hospitals from Brazil's south eastern district of São Paulo (Campinas region), from six different Brazilian cities namely Campinas, Bragança Paulista, Vinhedo, Mogi Guacu, Limeria and Cosmopolis from 1997 to 2002 8 ( Table 1 ). The research aim is to investigate whether the resistance for two or more antibiotics encountered in these strains is associated with the presence of Int1, Int2 and Int3.
The strains were tested with seven antibiotics (chloramphenicol, trimethoprim-sulfamethoxazole, streptomycin, sulfamethoxazole (SUT), cephalothin, ampicillin and tetracycline (TT)) to determine the antibiotic resistance profile of each strain according to the Manual of the Clinical and Laboratory Standards Institute. 9 For the cell DNA extraction, only the bacterial colonies of virulent strains of Shigella were selected for analysis, on the basis of the uptake of Congo red from growth media. DNA was extracted according to the Spin Column Protocol (DNeasy Blood and Tissue Hand Book, Qiagen, USA, 2006) using the DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA, USA, 2006).
The primers specific to Int1 (5¢-ATGCCCGTTCCATACAGAAG-3¢/ 5¢-CGGCCTTGCTGTTCTTCTAC-3¢), Int2 (5¢-AATGCGTTGCACTT CATTTG-3¢/5¢-ATGGGCAGTGAAGAGGTCAG-3¢) and Int3 (5¢-CCG GTTCAGTCTTTCCTCAA-3¢/5¢-GAGGCGTGTATCTGCCTCAT-3¢) were designed using Primer3 software (http://frodo.wi.mit.edu/). The National Center for Biotechnology Information database (http:// www.ncbi.nlm.nih.gov/nuccore/) for Int1, Int2 and Int3 are, respectively, Locus FJ501977.1, Locus EF560799.1 and Locus AY219651.1.
The sequences obtained were used to design the primers, for which real-time PCR analysis was carried out on the samples for the amplification of the genes Int1, Int2 and Int3 and was on the basis of the work of Maguire et al. 10 with a few adaptations. The DNA from PCR was purified using a DNA purification kit (Qiagen, USA, 2006) and later it was sent for sequencing at MWG (Eurofins MWG operon, www.operon.com) to verify and confirm the presence of Int1, Int2 and Int3.
The amplification signals for Int1 were registered between cycles 20-25 and showed a clear consistent signal until the 50th cycle for all strains except strains CS7 and CS16C, which failed to register any significant signal (not shown). The samples were run on agarose gel and the bands at 200 bp were seen for all the samples except for CS7 and CS16C, confirming the result of the PCR and indicating the presence of Int1 in the remaining samples ( Figure 1a , Table 1 ). For Int2 (Figure 1b, (Table 1) , the amplification signals were registered between cycles 10-15 for 22 samples and between cycles 25-30 for 3 samples and showed consistent signals terminating between cycles 25-45 (not shown). For Int3, the amplification signals were registered between cycles 30-35 for all the samples and showed a consistent increase in the signals until the 45th cycle. On agarose gel, no band appeared consistently at 200 bp for all strains. In this way, Int1 was present in 23 (92%) isolates, Int2 was detected in all (100%) the samples whereas Int3 was not detected in the strains (Table 1) . Four random strains from the sample (CS18, CS16I, CS11 and CS1) were sequenced to check the presence of Int1 and Int2. The results of DNA sequences were positive and confirmed the presence of these integrons in the four strains.
The 25 strains were screened for antibiotic resistance to seven different antibiotics and all of them were resistant for both SUT and TT. In addition to SUT and TT, 6 strains (24%) showed antibiotic resistance to streptomycin and two strains (8%) showed resistance to ampicillin. All the strains remained 100% susceptible to chloramphenicol, trimethoprim-sulfamethoxazole and cephalothin.
The S. sonnei strains in Campinas were resistant to only two antibiotics (SUT and TT) until 2000, when three strains (CS6, CS7 and CS8) were found to also be resistant to streptomycin; another strain (CS5) was resistant to SUT, TTT and ampicillin. The first isolation of strains that showed resistance to three antibiotics occurred in Mogi Guacu and Braganca Paulista in 1997. All strains remained susceptible to chloramphenicol, trimethoprim-sulfamethoxazole and cephalothin.
In addition, S. sonnei strains isolated in São Paulo state showed the presence of at least two of the three integrons for which they were tested. Even if it is considered that the results for Int3 were inconclusive, 92% of the strains were positive for two integrons (Int1 and Int2) and all the strains showing resistance for two or more tested antibiotics had at least one of the integron. The detection rate of Int2 in Shigella in this study (100%) was higher than in other reports, including the frequencies of 86.6% in other studies in Brazil 3 and 76.9% in Japan 11 and was similar to the frequency in Korea 12 and Italy. 13 However, the frequency of Int1 in Shigella in this study (92%) was higher than that of Brazil (6.7%), 3 Korea (14.9%) 12 and Japan (3.8%). 11 Gene cassettes conferring resistance to some commonly used antibiotics in the past, such as TT and streptomycin, have been discovered and it is known that resistance genes for new antibiotics used to treat shigellosis have become part of a gene cassette. 14 Many studies have directly linked the presence of integrons with dissemination of antibiotic resistance genes among the world microbial population, with the consequence that the presence of multiple genes or gene cassettes may cause even the newest effective antibiotics to become ineffective quickly. 7, 12, 15 From the results obtained, it was possible to conclude that no linkage of drug resistance to specific integrons could be proven, but nearly all strains evaluated did contain Int1 and Int2.
